The long-term goal of this research is to understand and predict the temporal and spatial coherence of broadband sound in the ocean at low frequencies.
A secondary goal of this contract is to theoretically quantify which regions in the ocean significantly affect temporal and spatial coherence. Theories of diffraction are used and developed for this purpose as well as to understand how to predict the scattering of waves in general.
WORK COMPLETED
Data have been collected and processed from several types of sonars at basin-scales in the Pacific ocean. Acoustic models have been developed that incorporate realistic bathymetry, sound speed fields that change with geographic location, and time dependent fluctuations of internal waves obeying a linear dispersion relation. Comparisons with some data sets have been completed.
We developed a theory to understand the regions of a medium that significantly affect coherence of any transient wave-like signal. Numerical evaluation of the theory has been applied to the ocean. 
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RESULTS
A 3115 km section in the Pacific was studied using sounds from a bottom-mounted source at Kauai (75 Hz, 0.03 s resolution) and a towed array in the Gulf of Alaska (Fig. 1) . The transmitted signal consisted of 44 consecutive 27.28 s periods of a M-sequence lasting 20 min. Data from the receiver were beamformed and Doppler corrected to yield the largest signal-to-noise ratio. This processed signal yielded many acoustic arrivals over a 7-s duration. This 7-s was subdivided into 250 windows of 0.03 s each. Starting from the first of 44 periods, the signal-to-noise ratio was computed for each window as a function of the number of windows coherently averaged with the first. Coherence time, T, for each window was calculated using T=N*27.28 s where N is the window yielding the largest signal-to-noise ratio (N=1,2,3,. ..,44). Fig. 2 (top) shows the histogram of coherence time from these data.
Fig. 1. 3115 km section between acoustic source at Kauai and towed array.
A model is used to predict, without any tuning to data, the histogram of coherence time from the data. The model uses digital data bases for bathymetry and the climatological background of temperature, salinity, and depth along the section. Values of temperature and salinity are converted to sound speed with an algorithm. To this, we add temporal fluctuations due to internal waves at 4-min intervals using the linear dispersion relation obeying a standard spectrum. An approximate solution for the acoustic impulse response is computed using the sound-speed insensitive parabolic equation. The histogram of modeled coherence time look very much like the data (Fig. 2, bottom) . Details of this comparison are found elsewhere (Spiesberger and Green, 2006) .
We developed a theory to quantify regions of any media that significantly affect any specified window of signal arrival time (Spiesberger, 2006a) . The method is somewhat analogous to Fresnel zones for single frequency signals, except our method provides a high-resolution image for transient signals. We applied the theory to the acoustic waveguide in the ocean at low frequencies. 
